Fig. S1. Polarization-resolved Raman scattering spectra of BP with a thickness of 10.5 nm. 
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Fig. S1. Polarization-resolved Raman scattering spectra of BP with a thickness of 10.5 nm. Here  is defined as the angle between the excitation laser polarization direction and the xdirection (armchair) of the BP crystal. Note S1. Gate-tunable BP band structure with the tight-binding model
The first-principle calculation process on the BP band structure under an external displacement field has been well established in previous work (13, 28, 31, 34) . Here, we briefly described the calculation process again for clarity and discussed the influence of the external electric field on the interlayer coupling strength and the wavefunction distributions of the electron and the hole states based on the calculation.
To describe the band structures of BP thin film around the point near the band edges. We carry out a tight-binding model based on the density function theory (DFT) in conjunction with the ⃗ ⃗ ⋅ ⃗ ⃗ approximation.
The low energy effective Hamiltonian of monolayer BP can be described by a two-band model:
( 13, 28, 31, 34) 
To further delineate multilayer BP thin film and the effect of external electric field, we introduce the interlayer couplings t i c,v in the off-diagonal elements and static electric potential terms Δ i in the diagonal elements under the tight-binding frameworks (28, 34) . Here in the calculations, the interlayer coupling coefficient remains constant under external displacement field, which is confirmed by our DFT calculations.
Therefor the low-energy effective Hamiltonian of N-layer BP can be written as (26) Therefore, using this momentum matrix element expression, we can estimate the relative amplitude of oscillator strength (it is proportional to the I) under bias via the corresponding wavefunction coefficients under different external field. Those coefficients can be obtained from tight-binding model discussed in our previous publications (28, 34) .
